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1 Introduction

Domain experts or end users with little to no experience
with modeling languages find it difficult to extract
the information contained in conceptual models and
ontologies (Rector et al., 2004; Kuhn, 2013). This may

limit their role in verifying the correctness or task-
based completeness of the captured domain knowledge,
therewith negatively affecting the quality of the
resulting software artefact, if any. If interaction between
domain experts and modelers, knowledge engineers, or
ontologists is to be supported, then languages with
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which the domain experts or end-users are already
familiar should be leveraged instead of requiring them
to learn modeling languages. In that spirit, a number
of tools have been built to present modeling languages
using natural language in a controlled manner (Safwat
and Davis, 2014). While there is variation in the
methods used to generate text from modeling languages,
these systems typically make use of templates, which are
sentence-like structures that have slots where different
values can be inserted. For instance, class subsumption
can be presented in English using the template A ...
is a ... hence when given the axiom SubClassOf(Tree
Plant) from the African wildlife ontology (Keet, 2020)
we obtain the text ‘A tree is a plant’.

Templates can have grammatical errors due to
their inability to handle grammatical phenomena such
agreement. For instance, when the previous template’s
input is the axiom SubClassOf(Impala Animal) we
obtain ‘A impala is a animal’ instead of the correct
form ‘An impala is an animal’. While some authors solve
this through the introduction of phrase constructions
like using “a(n)” instead of either “a” or “an” (e.g.,
Jarrar et al. (2006)), there are others (e.g., van Deemter
et al. (2005)) who make use of templates that capture
various linguistic phenomena through grammar rules
— henceforth called grammar-infused templates, a term
first introduced in previous work (Mahlaza and Keet,
2019) — since that combination has wider applicability
across languages. For instance, while the verbalisation
of the object property arrivedBefore from a transport-
related ontology can be managed with such phrases
without sacrificing text readability in languages with
a few grammatical genders (e.g., ... arrivé(e) avant ...
in French), that is not possible in languages where
verbs have to agree with a large number of noun
classes, as can be seen in Niger-Congo B languages1,
popular examples of which are Swahili and isiZulu.
These languages have verbs that can have between
roughly 81-289 combinations2 of affixes for polypersonal
agreement. Overall, the combination of templates with
computational grammar rules (CGRs) is appealing
because one can maintain the simplicity of templates
and add limited linguistic complexity when either the
need or the desire for improved quality arises. In such
a setup, the nature of the pairing becomes relevant,
especially for less-resourced languages (LRLs) where re-
use of the scant CGRs is an imperative. It is then
important to understand the possible ways of combining
templates and CGRs and how they manifest themselves
in the various existing grammar-infused templates.

Insights gained from such an analysis may be
valuable when building Natural Language Generation
(NLG) systems in general but also for ontology and
model verbalisation, especially in multilingual settings
and/or when one wants to support portable CGRs.
However, at the time of writing, there is no specification
of the different kinds of relationships between templates
and CGRs; hence, it is not possible to compare
the suitability of these grammar-infused templates

for LRLs. In this paper, we address the lack of a
specification of the relationships that exist between
templates and CGRs by devising a model of pairing
templates and CGRs that emphasises support for LRLs
through two relationships: attachment and embedding.
We show the applicability of this model, and its resulting
classification scheme, by classifying existing grammar-
infused template systems and obtain a classification that
can be used as an aid when choosing an appropriate
template type when building a new NLG system. In
particular, in our classification of existing systems, we
focus on identifying the supported input languages,
output natural languages, combinations of the relations
from the developed model, the use of aggregation in
each tool, and the support for the embedding of rules
responsible for conjugating verbs.

We demonstrate the usefulness of the model and
its accompanying list of classified systems with a use
case in model validation via ontology-based question
generation. We have found that most existing systems
that use grammar-infused templates do so to 1) to
introduce a two-dimensional structure to templates
through a syntax tree thus, then enable either
multilingualism (e.g., Dannélls (2012)) and/or error
checking (e.g., van Deemter et al. (2005)) and support
detachable CGRs. Moreover, only a few tools support
the embedding of verb conjugation rules, and the choice
of formalism used to encode the templates may limit the
permissible input language for the verbaliser.

This paper is an extended version of work published
in Mahlaza and Keet (2019), in two main ways. First,
we have formalised the foundations of the notions of
bare/traditional and grammar-infused templates with
attachment and embedding, defining precisely how
templates and grammars can be combined. Second,
we increased the number of tools considered for
evaluation from 41 to 54 through having broadened our
inclusion criteria, and we extended the features used to
compare those systems, thus enabling a more thorough
comparison. We also evaluated the classification scheme
with a new robust use case.

The remainder of this paper is structured as follows.
Section 2 discusses related work. Section 3 presents the
developed model and the different kinds of grammar-
infused template families. Section 4 introduces our
classification of existing grammar-infused templates.
Section 5 presents the evaluation of the the classification
scheme. Section 6 provides the discussion and Section 7
concludes.

2 Related work

There are a number of ways to differentiate text
generation systems (see Reiter (1995); Hovy (1997);
Busemann and Horacek (1998); Channarukul (1999);
van Deemter et al. (2005); Gatt and Reiter (2009); Kuhn
(2013); Gatt and Krahmer (2018)). Some methods focus
on the categorisation of the methods used to map some
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internal representation to natural language text (e.g.,
Reiter (1995); Hovy (1997); Gatt and Krahmer (2018)),
some on the comparison of direct vs. complex generation
techniques (e.g., Reiter (1995); Busemann and Horacek
(1998); Gatt and Reiter (2009); Kuhn (2013)), others
on the linguistic complexity of the realisation method
or resulting language (e.g., van Deemter et al. (2005);
Kuhn (2013)), and the rest compare the features of
various NLG systems (e.g., Channarukul (1999)). We
will discuss these approaches in depth in the rest of this
section.

In the early stages of the NLG field, systems were
differentiated based on their use of formal knowledge
representations and having reusable components vs.
systems that are tailored to specific applications. This
differentiation was motivated by the differences in
efficiency, development and maintenance costs, and the
potential re-use of systems (Busemann and Horacek,
1998). However, the usefulness of this categorisation
has become limited because systems from one of the
two categories (i.e., in-depth grammar-based realisers)
are not widespread due to their restrictions pertaining
to input specifications and the controlled language to
be generated (Gatt and Reiter, 2009). Since shallow
generation systems are still popular, that has created
the need for a refined categorisation that can be used
to differentiate between systems that fall into this
class. For instance, since Controlled Natural Languages
(CNLs) have gained popularity for rendering ontologies
and models as natural language in addition to their use
for authoring them, the PENS classification scheme was
developed to aid in comparing CNLs and improve how
they are built (Kuhn, 2013). The scheme focuses on the
precision, expressiveness, naturalness, and simplicity of
the resulting controlled language. However, the scheme
can only be used to compare the generated languages,
but not the methods of generation. As a result, such
a scheme cannot be used when choosing appropriate
grammar-infused templates based on their support of
different kinds of relationships between the templates
and CGRs.

While some categorisations have been devised to
differentiate systems based on the (1) componential re-
use, (2) use of ontologies, and (3) features of their
generated controlled languages, others use the type of
method used to map a system’s internal representations
to text. For instance, Hovy (1997) identified canned
text, template-based, phrase-based, and feature-based
systems as the categories for NLG systems. In the
Hovy (1997) categorisation, the first two systems are
considered rudimentary in that one only needs to map
the input to either the same string or template to
obtain text. However, template-based systems are not
necessarily rudimentary as they can be part of systems
that use natural language generation techniques, such as
determining what information should be communicated,
deciding specific words to be used, etc. (Reiter, 1995;
van Deemter et al., 2005). Over the years, Hovy’s
categorisation has been refined as new classes of systems

have emerged. In particular, the contemporary form
of Hovy’s categorisation features hand-coded templates,
hand-coded grammars, statistical methods, and neural-
based generators (Gatt and Krahmer, 2018; Narayan
and Gardent, 2020) where the template-based systems
are non-trivial. Nonetheless, the classification schemes
can only identify the broad classes; hence, their
usefulness is limited when comparing systems in each
of the classes. There are categorisations that have
been introduced to differentiate between systems that
belong in each of the last three categories (i.e., hand-
coded grammars, statistical methods, and neural-based
generators); however, none exists for template-based
systems.

It is possible to differentiate between existing
statistical methods as they all use a small grammar-
based generator and a stochastic re-ranker to generate
the most likely form of the output sentence; hence,
they can be compared based on their chosen grammar
formalism and the ranking method (Gatt and Krahmer,
2018). Hand-crafted grammar-based realisers have been
differentiated based on various characteristics such as
whether they are responsible for planning in addition
to surface realisation, whether they are deterministic,
and whether they traverse the input structure or the
grammar rules when generating text (Channarukul,
1999, p16-20). Neural methods have been differentiated
based on the type neural network (e.g., recurrent
and convolutional neural networks) and end-to-end vs.
pipeline architectures (Narayan and Gardent, 2020).
Even though it is known that templates differ, as some
have grammar rules (van Deemter et al., 2005), there has
been no effort to create a classification scheme based on
the relations that exist for pairing templates and CGRs.

There is a need for a categorisation that can be
used for template-based methods. Such a categorisation
needs to include the relationships that exist between
templates and their CGRs, if they have any, because the
re-usability of the rules is an imperative when choosing
a type of template for LRLs. In the next section, we
introduce our model that focuses on the aforementioned
relationships and introduce our classification scheme.

3 Pairing templates and grammar rules

In the following sections, we introduce the model,
focusing on two relations, and formally define the
two relations. We also present the different kinds of
grammar-infused template families that exist, which are
based on support for the various combinations of the two
aforementioned relations (and their sub-relations), and
illustrate how a collection of grammar-infused templates
can be determined as belonging to each family.

3.1 Relationships

We propose a model that has two kinds of relationships,
attachment and embedding, that exist between
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traditional templates and CGRs, as depicted in Figure 1.
The attachment relation can be differentiated into two
based on mode of participation: , compulsory and partial
attachment. In order to formally define these relations,
we first define traditional templates and introduce our
notation for CGRs. A traditional, or bare, template is
define as follows:

Definition (Bare template): A bare, or traditional,
template is a triple 〈L, fo, fs〉, where:

– L = W ∪ S ∪A is the template lexicon where S is the
non-empty set of slot names, W is the non-empty
set of words and meaningful word fragments from the
natural language, and A is the set of the language’s
word separators/dividers;

– fo : L→ Ln is the template’s lexicon ordering function
whose output has at least one slot and one word; hence,
the number of lexical items in the template is n ≥ 2;

– fs is the function such that, fs : W × S → {0, 1}, i.e.,
outputs whether a word is permitted to be used in each
slot. All words evaluating to true/1 are assigned to a
subset X ⊂W .

Traditional templates have minimal linguistic rules
to which they must adhere. Their rules pertain to the
order of words through fo, and other rules pertain to the
semantics of each slot through fs.

In order to define the relations, we first define the
CGRs that can be associated with bare templates in
order to form grammar-infused templates, as follows:

Definition (Associable grammar rules): Let Γ be
the set of all computational grammar rules of a language,
then ∆ is the set of CGRs associable with bare templates
in order to form grammar-infused templates and it meets
the following conditions:

– ∆ 6= ∅;

– ∆ ⊆ Γ \ F where F = {foi ∈ T : i ∈ N∗}, i.e., is the
set of all the language’s lexicon ordering functions as
used by the bare templates.

In the above definition, it suffices for our purposes
to think of CGRs as functions that operate on words
and their features (e.g., morphological features) to
obtain words, phrases, and sentences. This definition
is sufficiently generic to accommodate all the different
extant formalisms that can be used for grammar.
For instance, Meaning-Text Theory (MTT) and
Grammatical Framework (GF) use different internal
structures3 but can both be viewed as a collection
of functions that operate on words and their features
despite the differences in their underlying structures.

We then define relations as follows:

Definition (attachment and embedding):
Embedding, attachment, compulsory attachment,

and partial attachment are the relations denoted by
embedded, attached, comp attached, part attached,
respectively. Given a set of bare templates T that uses
the associable CGRs ∆ of size k > 0 then:

– A CGR g ∈ ∆ is embedded to a template t ∈
T , denoted embedded(t, g), through the relation
embedded= {(t, g) ∈ T ×∆ | t = ∅ ⇐⇒ g = id}
where id denotes the identity function;

– The set of CGRs G1 ⊆ ∆ is attached to the set of
templates T1 ⊆ T , denoted attached(T1, G1), through
the relation attached = {(T1, G1) ∈ 2T × 2∆ | T1 \
T1 = ∅ ∧ |G1| = k ∧ ∀g ∈ G1 (g 6= id)};

– The set of CGRs G1 ⊆ ∆ is compulsory
attached to the set of templates T1 ⊆ T , denoted
comp attached(T1, G1), through the relation
comp attached = {(T1, G1) ∈ 2T × 2∆ | ∀t ∈ T1 ∃g ∈
G1 attached(t, g) ∧ ∀h ∈ G1 ∃u ∈ T1 attached(u, h)};

– The set of CGRs G1 ⊆ ∆ is partially attached
to the set of templates T1 ⊆ T , denoted
part attached(T1, G1), through the relation
part attached= {(T1, G1) ∈ 2T × 2∆ | ∃S1, S2 ⊂
T1 T1 = S1 ∪ S2 ∧ comp attached (S2, G1) ∧
¬attached (S1, G1)}

In the above definition, embedding specifies a
existential dependence between a template and a CGR;
hence, deletion of the template results in the loss of the
grammar rule. When a CGR is lost in this manner, the
function that encoded it becomes the identity function
and only returns the input it is given as opposed to
applying any language specific rule. The embedding
relation gives template creators the ability to scaffold
traditional templates from within. Attachment specifies
an independent existence between a set of templates and
a set of CGRs and there are two forms of the relations:
partial and compulsory. The relation supports the re-use
of CGRs. The two sub-relations of attachment are meant
to differentiate between CGRs used by all templates
vs. a subset of templates. In particular, a CGR set is
compulsorily attached if every template must use at
least one rule from it and every rule is used by one
template. A CGR set is partially attached to a set of
templates if some members of that set do not have any
attached CGRs.

We will illustrate all these relations by using the
templates from three existing verbalisers designed by
Grūz̄ıtis et al. (2010); Stevens et al. (2011); Davis
et al. (2012). The Latvian verbaliser (Grūz̄ıtis et al.,
2010) illustrates embedding well: it makes use of
CGRs that capture synonymy for some words and
these rules are captured using regular expressions;
for instance, it uses “(Ikviens|Katrs) ... ir ...” for
class subsumption. If those templates were to be
removed, then the rules for synonyms would also be
removed. Compulsory attachment can be observed in
the BeInformed verbaliser (van Grondelle and Gülpers,
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Figure 1 Grammar-infused templates where templates
are paired with CGR sets through two kinds of
relationships: attachment and embedding. The
bidirectional arrow between the template and
embedded CGRs denotes their co-dependent
existence (embedding) whereas unidirectional
arrow denotes independent existence
(attachment).

2011; Davis et al., 2012): all its templates require syntax
rules from GF’s Resource Grammar Library (RGL) that
persist even when the templates are deleted. Lastly,
partial attachment can be seen in the SWAT verbaliser
(Stevens et al., 2011). Most of its templates have
attached syntax rules used for obtaining well-formed
text in some slots, but there are also templates that do
not have such rules.

These relations give rise to different families of
grammar-infused templates, and will be introduced in
next section.

3.2 Families

Given traditional templates and CGRs, there are seven
ways how the templates and CGRs can be combined to
obtain grammar-infused templates, which are depicted
graphically in Figure 2. These families arise based
on a grammar-infused template’s support for relations
introduced in the previous section. They will be formally
defined and illustrated in the remainder of this section.

In order to be able to define the families of grammar-
infused templates and illustrate how to classify a
collection of grammar-infused templates, we need to
first to formally define the concept of grammar-infused
template, as follows:

Definition (Grammar-infused template): A
grammar-infused template is a sextuple tg =
〈L, fo, fs, Ap, Ac, E〉 where the first three elements
L, fo, fs are as specified/defined for the bare template
and Ap ⊆ β,Ac ⊆ ∆, E ⊆ ∆ are associable CGRs. The
underlying template t = 〈L, fo, fs〉 and associable CGRs
must be related in the following manner:

– embedded(t, g) ∀g ∈ E;

– part attached(R, Ap) for some R ⊂ T where t ∈ R and
|R| > 1;

– comp attached(R,Ac) for some R ⊂ T where t ∈ R
and |R| > 1.

A set of grammar-infused templates, Tg, can be
classified into one of the seven families based on
characteristics of the set of embedded CGRs (E), the

Figure 2 Seven different types of grammar-infused
templates. CP, CE, EP, and CEP are
combinations of the primary three relations.

set of partially attached CGRs (Ap), and the set of
compulsory attached CGRs (Ac). We will illustrate
the classification criteria using the four templates in
Figure 3 from a hypothetical bilingual verbaliser that
generates English and Latvian text. The four templates
make use of two types of rules: syntax and synonymy
rules. In particular, templates one and two have syntax
rules for constructing singular noun phrases and verb
lists using npList and verbList, respectively (see lines
6 and 11), template three is a traditional template
hence has no linguistic rules besides word ordering, and
template four has a rule that encodes synonymy for the
adjective every (see line 20). The four templates, or any
other collection of grammar-infused templates, can be
categorised as belonging to one of the seven families if it
met the following conditions, respectively:

(1) P family: A collection of templates belongs to this
family if Ac = ∅, E = ∅ and Ap 6= ∅ (where ∅ denotes
the empty set). For instance, if there were only
templates 1-3 in Figure 3, then the only rules that
exist in the templates would be the syntax rules.
Since the linguistic rules would only be found in two
of the three templates, then Ap 6= ∅, Ac = ∅, and
E = ∅; hence, the collection would be classified as
belonging to this family.

(2) C family: A collection of templates belongs to this
family if Ap = ∅, E = ∅ and Ac 6= ∅. For instance,
if template one and four were removed in Figure 3,
then all the templates would have syntax rules and
no other linguistic rules; hence, the collection would
be classified as belonging to this family.

(3) E family: A collection of templates belong to this
family if Ac = ∅, Ap = ∅ and E 6= ∅. For instance, if
template two and three were removed in Figure 3,
then only the rules found in template four would
exist (line 19). Since the only linguistic rule would
be embedded, then the collection would be classified
as belonging to this family.
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1 one (Term , Lexicon ) −−>
2 {Term =. . [ sameIndiv idua l | I n d i v i d u a l s ]} ,
3 { f l a t t e n ( Ind iv idua l s , Args )} ,
4 { I n d i v i d u a l L i s t =. . [ i n d i v i d u a l L i s t | Args ]} ,
5 [ the ] , [ f o l l o w i n g ] , [ terms ] , [ denote ] , [ the ] , [ same ] , [ i n d i v i d u a l ] , [ ’ : ’ ] ,
6 npList ( and , s i ngu l a r , I n d i v i d u a l L i s t , Lexicon ) .
7
8 two ( funct iona lDataProperty ( P r o p e r t i e s ) , Lexicon ) −−>
9 { i s l i s t ( P r o p e r t i e s ) , length ( Proper t i e s , N) , N>1} ,

10 [ the ] , [ f o l l o w i n g ] , [ data ] , [ p r o p e r t i e s ] , [ are ] , [ f u n c t i o n a l ] , [ ’ : ’ ] ,
11 ve rbL i s t ( s i ngu l a r , Proper t i e s , Lexicon ) .
12
13 three ( sameIndiv idua l ( Ind iv idua l1 , I nd iv idua l 2 ) , Lexicon ) −−>
14 name( Ind iv idua l1 , Lexicon ) ,
15 [ and ] ,
16 name( Ind iv idua l2 , Lexicon ) ,
17 [ are ] , [ the ] , [ same ] , [ i n d i v i d u a l ] .
18
19 four ( subClassOf ( Class1 , Class2 ) , Lexicon ) −−>
20 random se lect ( [ I k v i en s | Katrs ] , uniform , Every ) ,
21 name( Class1 , Lexicon ) ,
22 [ i r ] ,
23 name( Class2 , Lexicon ) .

Figure 3 Two grammar-infused templates encoded using a Definite Clause Grammar (DCG) in Prolog (Adapted from
(Grūz̄ıtis et al., 2010; Stevens et al., 2011)

(4) CP family: A collection of templates belong to
this family if Ac 6= ∅ and Ap 6= ∅ and E = ∅.
For instance, if template three were removed,
template four’s synonym rules were redesigned to be
attached, and template four also had syntax rules
attached. In such a scenario, the syntax rules would
be compulsorily attached and the synonymy rules
would be partially attached; hence, the collection
would belong to this family.

(5) CE family: A collection of templates belong to
this family if Ac 6= ∅ and E 6= ∅ and Ap = ∅. For
instance, if template one were removed and template
four also had syntax rules attached, then all
templates would syntax rules attached and the only
other rules would be embedded; hence, the collection
would classified as belonging to this family.

(6) EP family: A collection of templates belong to
this family if Ap 6= ∅ and E 6= ∅ and Ac = ∅. For
instance, we see in Figure 3 that the attached syntax
rules are found only in a proper subset of the
templates and the synonymy rule is embedded in
template four, so the collection can be classified as
belonging to this family.

(7) CEP family: A collection of templates belong to this
family if Ac 6= ∅, Ap 6= ∅ and E 6= ∅. For instance, if
the verbaliser’s templates had additional CGRs that
are not synonym or syntax rules that were attached
to all templates, then it would belong to this family
since it already has partially attached syntax CGRs
and the embedded synonym CGR.

We will show the applicability of this scheme by
categorising existing systems and highlight the tools’
various differences in the next section.

4 Classification of grammar-infused
templates

We illustrate the applicability of the categorisation
of grammar-infused templates by classifying existing
systems. The classification makes it easy to choose
an appropriate system from which to bootstrap when
building new verbalisers. In particular, it focuses on the
tools’ input, the type of grammar-infused template used,
identifying the family to which the grammar-infused
templates belong, the output languages generated by
various systems, and determining whether these tools
have some form of aggregation or whether generation is
achieved by simply slotting in values.

In the previous classification, 41 tools were collected
and classified (Mahlaza and Keet, 2019). The previous
paper used the following inclusion criteria:

1. Documented verbalisers and NLG systems that
utilise grammar-templates.

2. Verbalisers that generated a language other than
English.

More specifically, the paper considered seven general
linguistic realisers (Gatt and Reiter, 2009), five NLG
systems (van Deemter et al., 2005), and 29 systems and
verbalisers based on both a recent review (Bouayad-
Agha et al., 2014) and a search that specifically focused
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on finding systems with support for a language other
than English. The number of systems considered by the
current paper is larger thanks to expanding the inclusion
criteria.

We have used a targeted search to expand the list of
considered systems. In particular, we searched for recent
multilingual verbalisers but not excluding dated systems
discovered during the search. This expands the inclusion
since the previous criteria was targeted at monolingual
systems even though it also unearthed multilingual
systems. This yielded 13 additional systems, therewith
bringing the total number to 54.

We categorised the systems into one of the five
following main NLG approaches, where possible:
(1) templates: These are tools that make use of

traditional templates only. These templates only
have fixed words, slots, and values that can
be inserted into the slots. In such systems,
multiple templates can be used for variability when
generating text from a single input;

(2) canned text: Systems that make use of fixed text.
Theses systems operate by concatenating short
snippets of text together to form sentences;

(3) grammar: These tools use hand-crafted fully-fledged
grammars for ordering and the inflection of all words
— the engine has no fixing of words in a template-
like fashion;

(4) statistical methods: These tools either make use
of grammars that are induced from corpora or
use small hand-crafted grammar rules combined
with statistical models for re-ranking candidate
realisations;

(5) template + grammar: These systems make use of
grammar-infused templates. This is done either to
obtain well-formed text in cases where traditional-
templates are insufficient and full-fledged grammar
engines are excessive, or to obtain some grammatical
variability in the output text;

(6) other: Systems that do not fall into any of
the previous categories (which may be because
insufficient information was presented in the
documentation).

The list of all the 54 systems and the categorisation
of their realisation approaches are included in Table 1.

The table shows that 13 systems were categorised
as using templates, 1 canned text, 10 grammar, 3
statistical methods, 16 templates + grammar, and 11
were categorised as belonging to the other class. In
a similar fashion to our previous paper (Mahlaza
and Keet, 2019), systems that were not annotated
with template + grammar were filtered out as out-
of-scope, and the remaining 16 systems were then
classified into their respective grammar-infused template
family using the model introduced in Section 3. Their
supported input and other features were also examined.
The classification was done manually by analysing the
grammar-infused templates found in research papers,
technical reports, and PhD theses. The only systems
for which source code was also analysed were the ones

Table 1 Literature references to the systems considered
and the categorisation of their generation methods

Lit. reference Generation category

Hewlett et al. (2005) Templates

Jarrar et al. (2006) Templates

Ang et al. (2008) Templates

Al-Yahya (2011) Templates

Ngonga Ngomo et al. (2019) Templates

Power and Third (2010) Templates

Lyudovyk and Weng (2019) Templates

Liang et al. (2011a) Templates

Liang et al. (2011b) Templates

Halpin and Curland (2006) Templates

Sanby et al. (2016) Templates

Weal et al. (2007) Templates

Casteleiro et al. (2011) Templates

Sadoun et al. (2016) Canned text

Amith et al. (2017) Grammar

Hielkema et al. (2007) Grammar

Aguado et al. (1998) Grammar

Lavoie and Rainbow (1997) Grammar

Bateman (1997) Grammar

Elhadad and Robin (1996) Grammar

Camilleri et al. (2012) Grammar

Bouayad-Agha et al. (2012b) Grammar

Bouayad-Agha et al. (2012a) Grammar

Dongilli and Franconi (2006) Grammar

Cimiano et al. (2013) Statistical methods

Langkilde (2000) Statistical methods

White (2006) Statistical methods

van Grondelle and Gülpers
(2011); Davis et al. (2008)

Template+grammar

Stevens et al. (2011) Template+grammar

Androutsopoulos et al. (2013) Templates+grammar

Dannélls (2012) Template+grammar

Lim and Halpin (2016) Template+grammar

Davis et al. (2012) Template+grammar

Byamugisha et al. (2016) Template+grammar

Keet et al. (2017) Template+grammar

Grūz̄ıtis et al. (2010) Template+grammar

McRoy et al. (2000) Template+grammar

Busemann (1996) Template+grammar

van Deemter et al. (2005) Template+grammar

Kaljurand and Fuchs (2007);
Kaljurand (2007)

Template+grammar

Wilcock (2001) Template+grammar

Stenzhorn (2002) Template+grammar

Hossain et al. (2019) Template+grammar

Mellish and Pan (2006, 2008) Other

Power (2009) Other

Coch (1996) Other

White and Caldwell (1998) Other

Piwek (2003) Other

Cojocaru and Trausan-Matu
(2015)

Other

Nguyen et al. (2019) Other

Halpin and Wijbenga (2010) Other

Bouttaz et al. (2011) Other

Bontcheva (2005) Other

Bontcheva and Wilks (2004) Other
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whose code was publicly released: the SWAT (Stevens
et al., 2011), multilingual museum (Dannélls, 2012),
NaturalOWL (Androutsopoulos et al., 2013), OWL-
ACE (Kaljurand, 2007), Latvian (Grūz̄ıtis et al., 2010),
and isiZulu (Keet et al., 2017) verbalisers. The classified
tools are listed in Table 2.

The table shows that 13 out of the 16 templates do
not support the embedding of CGRs to conjugate words.
It also shows that 8 of the 16 templates make use of
syntax CGRs either for the entire sentence in the case of
syntax templates or for a segment of the template in the
case of partial syntax templates. Moreover, the various
verbalisers and NLG systems expect different kinds of
input and 82% of the verbalisers that use grammar-
infused templates are designed to generate text from
ontologies. All the information in Table 2 can be used to
make informed decisions when deciding to bootstrap a
new system from existing templates. In particular, it can
be used to identify any given language’s existing systems
and their corresponding grammar-infused templates. It
can also be used to determine the suitability of each
system’s template type based on their supported input
type and the characteristics of the realisation approach.

We will illustrate how classification is done by using
three verbalisers: Hossain et al. (2019); Keet et al.
(2017); Dannélls (2012):

The entity-relationship model verbaliser created by
Hossain et al. (2019) currently supports only English
as output, its templates are captured through a DCG
in Prolog, and the templates have syntax trees that
cover only a segment of the template. The templates
verbalise entity, relationship, attribute, and constraint
declarations by using linguistic rules captured through
the functions vp, np and verb. The attached rules are
responsible for constructing verb phrases, noun phrases,
and conjugating verbs. Since all the templates use those
attached rules and there are no other CGRs used,
they were classified as belonging to the C family of
compulsory attachment.

Keet et al. (2017) built a verbaliser proof-of-
concept tool for verbalising OWL ontologies in
isiZulu, a grammatically complex South African
language. Since traditional templates were deemed
inadequate for the language due to its complexity, they
designed templates—which they call patterns—and
accompanying algorithms for generating text. In effect,
the combination of templates and algorithms means that
the templates make use of three categories of linguistic
rules: morphological agreement, noun pluralisation, and
verb conjugation. All the templates make use of the
embedded morphological agreement rules. The noun
pluralisation and verb conjugation rules are attached
to a subset of the templates. This means that the
templates only have embedded and partially attached
linguistic rules hence the verbaliser belongs to the EP
family.

Dannélls (2012) built a verbaliser that generates
descriptions of museum artworks. It makes use of GF
to capture a painting ontology and the verbalisation

templates. GF is able capture both the semantic and
linguistic information due to its separation of abstract
and concrete syntax modules. The verbaliser’s templates
use syntax rules from GF’s Resource Grammar Library.
These rules allow the verbaliser to generate multilingual
text. The templates all use the CGRs and the deletion
of the templates does not result in the deletion of the
rules since the RGL’s rules are designed to be detachable
and therefore reusable. This means that the verbaliser
belongs to the C family, since it only has compulsory
attached rules.

In the next section, we will evaluate the classification
via a use case.

5 Use case: model validation through
question generation

We demonstrate the usefulness of the classification
within the context of model validation via question
generation in conceptual modelling.

The domain modeling process, as conceptualised by
(Bertolino et al., 2011, p.1090), has the following steps
from the perspective of a modeling expert:

1. Obtain description of domain from domain expert;
2. Create provisional model;
3. Transform model into a mode that is understood

by domain experts;
4. Request domain expert feedback;
5. Incorporate feedback;
6. If there are no conflicts, finalise model; otherwise

go to step 3.
In this process, a provisional model can only

be finalised after a domain expert approves of the
contents of the model. For step 3, one can transform
a model into a diagrammatic representation, natural
language description or only use sample data when
presenting it to domain experts who have no expertise
in modelling languages. However, interpreting these
layperson-friendly representations may also be time-
consuming due to the cognitive load associated with a
potentially large legend or glossary for diagrammatic
representations or due to a possible difficulty in
interpreting of potentially unclear automated textual
reports. A structured approach that may be more
efficient is the use of natural language generation to
produce yes/no questions that probe the contents of
model, as advanced by Bertolino et al. (2011). This
can be incorporated in the activities already discussed,
thereby resulting in the workflow depicted in Figure 4.
The generation of yes/no questions can also be seen in
computer-assisted educational exercises that make use
of ontologies (e.g., Chaudhri et al. (2014)).

The current method of building template-based tools
to generate these yes/no questions is to follow a two-
step design process: selecting constructs to support and
designing templates. In particular, one first decides on
which constructs from a modelling language to support
so as to limit the scope, depending on the expressiveness
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Table 2 Classification and various features of grammar-infused templates for eleven verbalisers, three NLG systems, and
two realisers that have support for grammar-infused templates (OWL = Web Ontology Language, XML =
Extensible Markup Language, DCG = Definite Clause Grammar, and GF = Grammatical Framework)

System/tool Family Input Language(s) Template
encoding

Template type Embedding
verb
conjugation
rules

Aggregation

Verbalisers

van Grondelle and
Gülpers (2011); Davis
et al. (2012)

C GF English, Dutch GF Syntax templates No No

Stevens et al. (2011) P OWL English DCG in Prolog Partial syntax
template with
number

No Yes

Kaljurand (2007) C OWL English DCG Partial syntax
template

No No

Lim and Halpin (2016) P - Malay, Mandarin C# Pattern No No

Androutsopoulos et al.
(2013)

EC OWL English, Greek OWL Sentence plan Yes Yes

Grūz̄ıtis et al. (2010) EC OWL Latvian GF Syntax templates
with synonymy

No No

Davis et al. (2008) EP OWL English XML Template No No
Byamugisha et al.
(2016)

EP OWL Runyankore Java Pattern No No

Keet et al. (2017) EP OWL IsiZulu Python Pattern No No

Dannélls (2012) C OWL/GF English, French,
Italian, Finnish,
Hebrew and
Swedish

GF Syntax templates No No

Hossain et al. (2019) C RuleML/JSON English DCG in Prolog Partial syntax
template

No No

NLG systems
Stenzhorn (2002) EP XML English, German,

French, Italian,
Russian, Bulgarian,
Turkish

XML Morphological
template

No No

van Deemter et al.
(2005)

EP - English, Dutch,
German

- Syntax template No -

Wilcock (2001) EP XML - Extensible
Stylesheet
Language

Syntax template No Yes

Surface realisers

McRoy et al. (2000) E - English Template
Specification
Language

Template Yes Yes

Busemann (1996) E Generation
Interface
Language

- Template
Generation
Language

Rule Yes Yes

of the language. The second step is the design of the
templates. This requires decisions to be made regarding
the following:

1. verbalisation: The choice of words to use in a
template to express each construct, especially for
morphologically rich languages (e.g. Grūz̄ıtis et al.
(2010); Keet and Khumalo (2017b)). This can be
achieved by surveying the end-user’s preference or
it could be decided by the template designer.

2. bootstrapping: In the event that verbalisation
requires complex grammar-infused templates due
to the nature of the intended output language
and said language is under-resourced, one has
to investigate the possibility of bootstrapping
templates from a related language to save time and
effort (e.g., (Byamugisha, 2019, p81-107)).

3. slot design: A decision also has to be made on
the type of slots to be used in the templates. One
decides on whether to use semantic variables that
are ad hoc (e.g., Model-T’s template (Puzikov and

Gurevych, 2018)), linguistically motivated slots
types (e.g., CLaRO’s user-friendly templates (Keet
et al., 2019)), or slot types from ontologies.

In the above process, our classification of existing
grammar-infused templates in Table 2 can be used in
choosing an existing form of grammar-infused templates
prior to creating templates for another language. In
particular, the table can be used, when bootstrapping,
to identify the grammar-infused methods that exist
for a related natural language and identifying the
relationship between template and CGRs for a given
kind of grammar-infused templates. When building a
verbaliser, it can be used to determine whether it is
possible to embed CGRs for a conjugating verbs and
whether an existing kind of grammar-infused template
already supports aggregation. The only other existing
technique that has been used to measure the re-usability
of grammar-infused templates is a string-edit based
measure (see (Byamugisha, 2019, p81-107)). However,
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Figure 4 A representation of the activities conducted by the domain expert, modeling expert, and question generator in a
domain modeling pipeline where question generation is used by domain experts to probe models. (Adapted from
Bertolino et al. (2011))

such a measure can only be applied after a collection
of grammar-infused templates has been created for two
languages. Unlike our classification, it is unusable as a
means of deciding which grammar-infused templates to
reuse.

In order to illustrate the benefits of using Table 2,
and the classification scheme as a consequence, we
consider the generation of yes/no questions in isiZulu
for probing the correctness and completeness of a model.
We use the African wildlife ontology (Keet, 2020) as an
example. There are three OWL constructors that need
to be supported in order to interrogate the ontology via
a question generator, which are:

1. SubClassOf(C1 C2)
2. ObjectPropertyAssertion(OP I1 I2)
3. DisjointClasses(C1 C2)

For instance, when given the axiom SubClassOf(Lion
Animal) and the isiZulu lexical items for the concepts
Lion and Animal (ibhubesi and isilwane, respectively),
one can generate the question ‘Ingaba azizilwane onke
amabhubesi?’ (“Is every lion an animal?”). When
deciding to build a system to generate such questions,
there are two possibilities:

1) should CGR reuse not be a priority and adequate
verbalisation can be achieved using a few
templates since there are only three functors, then
templates that support the embedding of CGRs
(E/CE/EP/CEP families) may suffice as either
standalone or as a building block to a larger NLG
system.

2) if the reusability of CGRs is a priority and the
isiZulu noun pluralisation and verb conjugation rules
(Keet and Khumalo, 2017a,b) are adequate, then
one can make use of templates that belong to the
C/P/CP/CE/EP/CEP families.

Table 2 shows that the only templates that support
isiZulu, which have already been shown to be suitable
for verbalising class subsumption (Keet et al., 2017),
belong to the EP family, so then both possibilities can
be supported. However, support for the first possibility
would be limited should the other two constructors need
to be verbalised via embedding other kinds of CGRs in
addition to morphological agreement CGRs.

6 Discussion

The extended classification shows that even though
most grammar-infused templates (63%) do not currently
support any of form of aggregation, most of them
have detachable grammars, and therewith support
grammar re-use in some form. It also shows that most
grammar-infused templates (81%) do not support the
embedding of CGRs to conjugate verbs. This means
that additional CGRs cannot be embedded for the
purposes of conjugating verbs. When conjugation rules
are needed, then they must be attached as opposed to
embedded. This limited support for CGR embedding
also means that most templates encourage grammar
detachability through the attachment relation. Overall,
this means that most grammar-infused templates are
geared towards LRLs thanks to their support or
encouragement of grammar detachability.

There are two main types of templates that use
syntax CGRs: syntax templates and partial syntax
templates. A syntax template is a template with a
syntax tree. A partial syntax template is similar to this,
but the syntax tree covers only a subset of the sentence.
In both kinds of syntax templates, the syntax CGRs
are added to introduce a two-dimensional structure
that is either used for multilingual template support or
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error correction. In particular, the GF-based templates
use the syntax tree to obtain multilinguality through
the Resource Grammar Library (RGL). This can be
seen in the mulitlingual museum verbaliser (Dannélls,
2012) that supports English, French, Italian, Finnish,
Hebrew and Swedish through the library. The Dutch
soccer report generation system created by van Deemter
et al. (2005) uses the syntax trees to check whether
referential and quantificational expressions are correct.
This shows that that framework used to encode the
templates introduces potential differences even when the
template types are the same. In particular, while all the
mentioned templates attach syntax CGRs, in partial or
compulsory manner, the use of GF to encode templates
offers multilingual support that is not available in syntax
templates that do not use GF.

There are a number of different general-purpose
languages (and sometimes markup languages) used to
encode the templates and the language used may impact
a verbaliser’s supported input languages. For instance,
in our analysis of the multingual systems (recall Table 2)
we see that GF-based tools afford one with multilingual
support through the RGL, but they do not generate
text by working directly with ontology languages such
as OWL. In such tools, the ontologies need to be
transferred to GF (e.g., Angelov and Enache (2010))
and this may be time-consuming for large ontologies.
This shows that if one intends to introduce syntax
CGRs and use GF to support multilingualism and
grammar detachability, then that must be weighted
against limiting the supported input languages.

7 Conclusion

We have developed a model of pairing templates
with natural language CGRs and used it to develop
a classification scheme where a particular grammar-
infused template formalism may belong to one of
seven families. We also showed the applicability of
the classification scheme by classifying 16 grammar-
infused templates from a pool of 54 verbalisers and
NLG systems collected for analysis. We have found
that most existing grammar-infused templates are
designed to support detachable CGRs as they belong
to the partial and compulsory attachment families
(C/P/CE/EP families), half of the categorised systems
introduce syntax CGRs for the purposes of generating
multilingual text and/or ensuring well-formed output
text, and only a few tools support the embedding
of word conjugation rules. Moreover, the formalism
used to encode the templates may limit the language
permissible input language. Lastly, most the grammar-
infused templates listed in Table 2 do not currently
support any of form of aggregation (63%) or the
embedding of verb conjugation rules (81%); hence, if
such features would be required then they would need
to be implemented from the ground up.

Our current work involves building flexible models
for grammar-infused templates to support NLG
systems that generate sentences in highly agglutinative
languages. Since the classification of each collection of
templates to its appropriate family is time-consuming,
our future work includes the investigation into
computational methods to support classification.
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1This family of languages is sometimes referred to as Bantu
languages. However, the phrasing is not used as it has
derogatory connotations.

2The exact number of combinations for each language
varies. It depends on a language’s noun classes and the
number of semantically permissible subjects and objects
for each verb.

3MTT is based on dependency-based structures and GF is
based on constituency-based structures
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